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(54) Adapters for rechargeable battery packs 

(57) Control portion 26 of battery charger 10 con- 
trols power source circuit 24 upon receipt of instructions 
from control portion 41 of adapter 30. Based upon these 
instructions, adapter 30 enables charging operations for 
battery pack 50B that does not have a memory storing 
charging parameters and/or information. Moreover, bat- 
tery charger 1 0 also may be designed to charge a bat- 
tery pack 50B even though battery charger was not orig- 
inally designed to charge battery pack 50B. Adapter 30 
also may enable charging operations for battery pack 
50 that contains memory 61 storing charging parame- 
ters and/or battery identification information. In this 
case, adapter 30 reads information stored in memory 
61 and generates optimal charging instructions based 
upon a charging program stored in control portion 41 
(Fig. 1). 



Fig. 1 
(A) 



29 



22 



I MEMORY | 

~~r 



POWER 

SOURCE 

CIRCUIT 



P 



50 



CONTROL! — « CHARGE 
PORTION^ CURRENT 
C0HTR0LU86 
PORTION 



24 




58 



VOLTAGE 
DETECTING 
PORTION 
T 




TO 



CB) 




Q. 
LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 128 517 A2 



2 



Description 

[0001 ] The present invention relates to battery charg- 
ers for charging rechargeable battery packs and adapt- 
ers that can couple rechargeable battery packs to bat- 
tery chargers. The battery chargers and adapters may 
preferably be utilized with power tools or other applianc- 
es that utilize rechargeable battery packs. 
[0002] European Patent Publication No. 966090 de- 
scribes a battery charger and rechargeable battery pack 
for power tools. In this system, the rechargeable battery 
pack contains a processor that stores a charging pro- 
gram for charging the rechargeable battery pack. This 
system permits a new battery technology to be utilized 
with an old charger, because the battery charger can 
utilize the charging program stored in the battery pack 
to charge the batteries. However, this design suffers 
from several shortcomings. 

[0003] First, the known system requires a processor 
and memory to be provided in each battery pack. Be- 
cause processors and memory are generally expensive 
components, including these components in the battery 
pack will necessarily increase the cost of the battery 
pack. Second, if the appropriate charging program is not 
stored in the charger or the battery pack, the known sys- 
tem can not charge the rechargeable battery pack. That 
is, because the battery pack can only be charged using 
a program that was stored in the battery pack memory 
or the battery charger memory at the time of manufac- 
ture, it is impossible to charge the battery pack if an ap- 
propriate charging program is not stored in either the 
charger or the battery pack. 

[0004] Further, the known charger utilizes the same 
ground line for the battery charging circuit and the bat- 
tery temperature sensing circuit. As a result, overlap- 
ping switching noise in the ground line can make it dif- 
ficult or impossible to accurately determine the battery 
temperature during charging. 

[0005] Moreover, the known charger/battery pack 
does not provide means for utilizing the particular charg- 
ing parameters of the charger, because the charger is 
not adapted to communicate information concerning the 
charging parameters of the battery charger to the proc- 
essor of the rechargeable battery pack. 
[0006] It is, accordingly, an object of the present 
teachings to overcome one or more of the problems in 
the known art. 

[0007] In one aspect of the present teachings, an 
adapter is taught that preferably includes a first set of 
terminals to communicate with a battery pack and a sec- 
ond set of terminals to communicate with a battery 
charger. Thus, the adapter may be, for example, inter- 
posed between the battery pack and the battery charger 
during a charging operation. In addition, the adapter 
may include a processor and memory and the memory 
may store one or more battery charging programs and 
the adapter processor may execute the charging pro- 
grams. The adapter processor may then communicate 



appropriate charging instructions to the battery charger 
and the control of the charging operation is appropriately 
performed for the particular battery type contained in the 
battery pack. 

5 [0008] Thus, this aspect of the presentteachings pro- 
vides several advantages over the known art. First, it is 
possible to charge batteries that have a memory provid- 
ed within the rechargeable battery pack, which memory 
stores charging parameters and/or battery identification 

10 information. Thus, the adapter can be designed to rec- 
ognize battery types and execute the appropriate charg- 
ing program, which charging program will be communi- 
cated to the battery charger. Thus, the battery charger 
can charge a wider variety of battery types. 

15 [0009] Second, it is not necessary to provide a proc- 
essor within each battery pack. For example, a single 
power tool may be operated with several different bat- 
tery packs during usual operation. Thus, while one or 
more battery packs are being charged, a previously 

20 charged battery pack can be utilized to perform opera- 
tions with the tool. In this manner, the power tool can be 
continuously operated by replacing the battery packs 
when necessary. However, If each battery pack is re- 
quired to have a processor and a memory storing the 

25 particular charging program for that battery, the cost of 
each battery pack will necessarily be relatively high. By 
commonly utilizing the same adapter for each of the bat- 
tery packs, the overall cost of the charging system can 
be reduced, because only a single processor is required 

30 for a plurality of rechargeable battery packs. 

[0010] In another aspect of the present teachings, a 
battery charger may include a current source adapted 
to provide a charging current to the rechargeable bat- 
tery. A switch may be provided to control the current that 

35 is actually applied to the battery. Preferably, the control 
instructions for the switch may be selectively generated 
by either a processor disposed within the battery charg- 
er or by a processor that is external to the battery charg- 
er. For example, a processor disposed within the adapt- 

*o er may provide appropriate instructions to control the 
current source switch. As used throughout the present 
specification, "external processor" maybe, for example, 
a processor disposed within the adapter or a processor 
disposed within the battery pack. 

45 [0011] The battery charger also preferably may have 
terminals for communicating with the adapter. More 
preferably, the battery charger also has terminals for 
communicating directly with the rechargeable battery 
pack. Thus, the battery charger is optimally designed to 

so (1) directly accept a battery pack and (2) accept an 
adapter interposed between the battery pack and the 
battery charger. This design provides greater flexibility 
for the battery charger, so that the battery charger can 
be remotely controlled to charge new battery types in- 

55 vented after the battery charger has been manufac- 
tured. 

[0012] The battery charger may also include a proc- 
essor to perform one or more functions and a memory 
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to store various charging programs. For example, in one 
embodiment, the processor may execute a program 
when a rechargeable battery pack has been coupled to 
charger terminals and is ready for charging. The proc- 
essor may also identify the type of battery contained in 
the battery pack. 

[0013] In another embodiment, the processor may ex- 
ecute a charging program stored in the charger memory 
based upon the type of battery contained in the battery 
pack. In another embodiment, the processor may re- 
ceive instructions from an external processor, which 
may be contained in either the battery pack or the adapt- 
er, to control the current source switch. In another em- 
bodiment, the instructions from the external processor 
may be directly communicated to the switch. In this 
case, the charging processor may execute a program 
to permit the external processor to directly control the 
current source switch. In another embodiment, the bat- 
tery charger can be constructed without a processor and 
the external processor of either the adapter or the re- 
chargeable battery pack may directly instruct a switch 
disposed within the battery charger in order to control 
the charging current supplied to the rechargeable bat- 
teries. 

[0014] In another embodiment, the battery pack may 
include a battery temperature sensor disposed proxi- 
mally to the batteries. Signals generated by the battery 
temperature sensor may then be communicated to the 
external processor, again either in the battery pack or 
the adapter, or the signals may be communicated to the 
battery charger processor. Either the external processor 
or the battery charger processor may execute a program 
to derive information from the signals generated by the 
battery temperature sensor. For example, the processor 
may determine the temperature of the battery and utilize 
this information to select an optimal charging current. In 
addition or in the alternative, the processor may deter- 
mine a time based derivative of the battery temperature 
during the charging operation and use the temperature 
change rate to select the optimal charging current. 
[0015] The battery charger and/or the adapter may 
optionally include a means for detecting the voltage of 
the battery before and during the charging operation. A 
variety of circuit designs may naturally be utilized to de- 
termine the voltage of the battery and no limitation is 
placed-on the battery voltage detector. For example, 
various- analog circuits may be utilized to directly sense 
the voltage of the battery. In the alternative, the battery 
voltage may be converted to a digital value and a proc- 
essor may determine the battery voltage. In either case, 
information concerning the battery voltage may be com- 
municated to one or both of the battery charger proces- 
sor or the external processor and this battery voltage 
information may be utilized during the battery charging 
operation to select the optimal charging current. 
[0016] In another aspect of the present teachings, the 
battery charger may include a communication port to 
communicate information between the external proces- 



sor and the battery charger processor. Further, the 
charger may include charging terminals that may be 
coupled to the battery to supply the charging current to 
the battery pack. The charger also may include a termi- 
5 nal coupled to a regulated voltage source, which regu- 
lated voltage may be supplied to operate the external 
processor. Further, the charger may also include two or 
more separate ground lines to provide a ground source 
to the adapter and/or battery pack. 
[001 7] In another aspect of the present teachings, the 
battery charger processor may control the charging cur- 
rent based upon instructions from the external proces- 
sor. Thus, the charger is adapted to charge a wide va- 
riety of battery types, even though a specific charging 
program is not stored in the battery charger memory. In 
another aspect of the present teachings, the charging 
processor may communicate information concerning 
the charging current source or other charging parame- 
ters to the external processor. As a result, the external 
processor can incorporate the charging capabilities of 
the battery charger into the charging program and gen- 
erate optimal charging instructions for the current 
source switch. 

[001 8] In another aspect of the present teachings, the 
charging system may include a resistance that is serially 
connected to the battery temperature detector, e.g. a 
thermistor, disposed in the battery pack. Either the 
charger processor or the external-processor may detect 
the temperature of the batteries by sensing the potential 
across the resistance and the processor may utilize this 
information to instruct the charger current source. A reg- 
ulated power supply may be generated within the bat- 
tery charger and this regulated power supply may be 
communicated to the external processor(s). Thus, the 
charger may have output terminals to supply the regu- 
lated power supply to the external processor(s). 
[0019] The regulated power supply allows the exter- 
nal processor to accurately detect the temperature of 
the batteries based upon the potential across the resist- 
ance that is serially connected to the battery tempera- 
ture sensor. Thus, the external processor may generate 
optimal charging instructions. More preferably, the ex- 
ternal processor and the battery temperature sensor uti- 
lize a regulated power supply and this regulated power 
supply is separate and distinct from a regulated power 
supply utilized by the battery charging circuit. Even more 
preferably, a first ground line is utilized for the external 
processor and the battery temperature sensor and a 
second ground line is utilized for the battery charging 
circuit. By separating the regulated power supply and 
the ground lines, switching noises in the charging circuit 
will not affect the performance of the external processor 
orthetemperature battery sensor. Thus, accuracy of the 
external processor and the temperature sensor can be 
remarkably increased. 

[0020] More specifically, the battery charger may 
have first and second ground terminals, which are inde- 
pendent of each other to provide two independent 
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ground lines. The first ground terminal may be coupled 
to the battery and the charging circuit. The second 
ground terminal may be coupled to the external proces- 
sor and/or the battery temperature sensor. As a result, 
it is possible to eliminate fluctuations in the regulated 5 
voltage supply and to improve the accuracy of the proc- 
essed information in the external devices (i.e. the bat- 
tery pack and/or the adapter). Because no potential dif- 
ference (offset voltage) results between the ground volt- 
age level of the external apparatus and the ground volt- 
age level of the battery temperature-sensor (e.g. ther- 
mistor), fluctuations are imposed on the ground of the 
thermistor. Thus, the battery temperature may be accu- 
rately determined based upon the voltage across the re- 
sistor (partial pressure resistance). 
[0021] By providing two grounds, this design can 
overcome problems in properly detecting the battery 
temperature. Preferably, athermistor is serially connect- 
ed to a fixed value resistor (partial pressure resistance) 
in a voltage divider configuration. The battery tempera- 
ture can be detected based upon the voltage at the node 
between the thermistor and the fixed value resistor. If 
the temperature sensing circuit utilizes the same ground 
as the charging circuit, the presence of overlapping 
switching noise in the charge current, which is caused 
by utilizing a duty cycle to charge the batteries, makes 
it difficult or impossible to accurately determine the bat- 
tery temperature based upon the voltage of the fixed val- 
ue resistance. 

[0022] Moreover, if a grounding terminal of the ther- 
mistor is commonly connected to a negative terminal of 
the batteries (grounding terminal for conducting charge 
current), a potential difference (offset voltage) will be 
generated between the ground voltage of the battery 
and the ground voltage of the adapter. More particularly, 
because the charging current is large due to the contact 
resistance between the ground terminal of the adapter 
and the ground terminal of the batteries, a large voltage 
drop will result. The ground level of the thermistor will 
vary accordingly and it will be difficult to accurately de- 
termine the battery temperature based upon the voltage 
drop across the fixed value resistance. Thus, by provid- 
ing separate ground lines for the charging circuit and the 
battery temperature detector, the battery temperature 
can be more accurately determined. 
[0023] Further, the present battery charger may be 
adapted to communicate charging parameters to the ex- 
ternal processor in order to optimize charging condi- 
tions. For example, the processor of the adapter and/or 
the battery pack may be programmed to operate two or 
more different charging programs and the optimal 
charging program may be selected based upon the 
charging parameters of the battery charger. In one em- 
bodiment, the external processor may execute a rapid 
charging program, if the battery charger is capable of 
supplying a relatively high charging current (e.g., 2 
amps). In addition, the external processor may execute 
a normal charging program, if the battery charger is not 



capable of supplying a relatively high charging current 
(e.g., the charger is limited to 1 amp). Thus, because 
the external processor can check the charging param- 
eters of the battery charger, the optimal charging pro- 
gram can be selected and, for example, charging time 
can be minimized. 

[0024] In yet another embodiment, the processor may 
be omitted from the battery charger. In this case, the 
external processor may directly control a current source 
switch in the battery charger. For example, the adapter 
may include a processor and a memory and may exe- 
cute a charging program. Instructions from the adapter 
processor are directly communicated to the switch that 
controls the charging current supplied to the recharge- 
able battery pack. As a result, the cost of the battery 
charger can be reduced, because the battery charger is 
only required to have a current source generator and a 
communication port for receiving switching instructions 
from the external processor. 

[0025] In another aspect of the present teachings, 
techniques and apparatus for eliminating battery mem- 
ory effects are taught. 

[0026] These aspects and features may be utilized 
singularly or in combination in order to make improved 
battery chargers, adapters and battery packs. In addi- 
tion, other objects, features and advantages of the 
present teachings will be readily understood after read- 
ing the following detailed description together with the 
accompanying drawings and the claims. Of course, the 
additional features and aspects disclosed herein also 
may be utilized singularly or in combination with the 
above-described aspects and features. 



BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0027] 

Fig. 1 (A) is a block diagram of a battery charger di- 
rectly coupled to a battery pack containing a mem- 
40 ory 

Fig. 1(B) is a block diagram showing a first repre- 
sentative battery charger coupled to an adapter 
having a processor, wherein the adapter is coupled 
to the battery pack. 
^5 Fig. 2 is a perspective view illustrating an external 
appearance of a representative battery charger ac- 
cording to the first embodiment. 
Fig. 3 is a perspective view illustrating an external 
appearance of a battery pack having a memory. 
so Fig. 4 is aside view of a battery-powered drill using 
the battery pack of Fig. 3. 
Fig. 5 is a perspective view illustrating an external 
appearance of a battery pack that does not have a 
memory. 

55 Fig. 6 is a side view of a battery-powered drill using 
the battery pack of Fig. 5. 
Fig. 7 is a side view of a first representative adapter. 
Fig. 8 is a flowchart that shows processing steps 
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performed by a processor that is preferably housed 
within the adapter. 

Fig. 9 is a flowchart that shows processing steps 
performed by a processor that is preferably housed 
within the battery charger. 
Fig. 10 is a block diagram of a battery charger, 
adapter and battery pack according 
to a first modification of the first representative ex- 
ample. 

Fig. 11 is a block diagram of a battery charger, 
adapter and battery pack according to a second 
modification of the first representative example. 
Fig. 12 is a block diagram of a battery charger and 
a battery pack according to a third modification of 
the first representative example. 
Fig. 1 3(A) is a block diagram of a second represent- 
ative battery charger and battery pack. 
Fig. 1 3(B) is block diagram of the second represent- 
ative battery charger and battery pack, but further 
including an adapter. 

Fig. 14 is a side view of the second representative 
battery charger, adapter and battery pack. 
Fig. 15 is a block diagram of a battery charger, 
adapter and battery pack according to a modifica- 
tion of the second representative example. 
Fig. 1 6 is a flowchart that shows processing steps 
performed by a processor that is preferably housed 
within the adapter. 

Fig. 17 is a flowchart that shows a subroutine of a 
charging program that may be utilized with the ap- 
paratus shown in Fig. 15. 

Fig. 1 8 is a block diagram of a representative bat- 
tery charger coupled to a battery pack containing a 
memory that stores battery charging parameters. 
Fig. 19 shows the battery charger of Fig. 18 coupled 
to a representative adapter and a battery pack that 
does not contain a memory. 
Fig. 20 shows the battery charger of Fig. 1 8 coupled 
to an adapter and a battery pack containing a mem- 
ory that stores battery charging parameters. 
Fig. 21 shows a modification of the battery charger 
and battery pack shown in Fig. 1 8. 
Fig. 22 shows a modification of the battery charger, 
adapter and battery pack shown in Fig. 19. 
Fig. 23 shows a modification of the battery charger, 
adapter and battery pack shown in Fig. 20. 
Fig. 24 shows a modification of the battery charger, 
adapter and battery pack shown in Fig. 1 9. 
Fig. 25 shows a modification of the battery charger, 
adapter and battery pack shown in Figs. 1 8 and 20. 

DETAILED DESCRIPTION OF THE INVENTIONS 

[0028] In one aspect of the present teachings, adapt- 
ers are taught that can remotely control the charging op- 
eration of a battery charger. In one embodiment, the 
adapter may be interposed between the battery charger 
and a battery pack containing rechargeable batteries. 



The adapter may optionally include a processor pro- 
grammed to execute a charging program. The adapter 
may also include a communication port adapted to com- 
municate charging instructions to the battery charger 
5 and more specifically to a switch that controls the supply 
of charging current to the batteries. The battery pack 
may also optionally include a memory, such as an EEP- 
ROM , that stores information concerning the type of bat- 
teries disposed within the battery pack and/or charging 
parameters. Alternatively, the battery pack may not con- 
tain such a memory and the adapter may be constructed 
to recognize a variety of battery types using one or more 
battery identification methods. Thus, by using such an 
adapter, the battery charger may be remotely controlled 
to charge a battery pack that does not comprise a mem- 
ory-for storing battery information or other charging pa- 
rameters. 

[0029] The battery packs may include a processor, al- 
though the battery packs preferably do not comprise a 
processor in order to reduce the manufacturing cost of 
the battery pack. However, the battery packs may com- 
prise a memory that is readable by the adapter proces- 
sor in order to provide battery identification information 
and/or charging parameters to the adapter processor. 
The battery pack may also preferably include a temper- 
ature sensor disposed proximally to the batteries to ac- 
curately generate battery temperature signals. Either 
the adapter processor and/or the charger processor 
may process these battery temperature signals in order 
to select optimal charging currents. 
[0030] Because the instructions for controlling of 
charge current supplied to the rechargeable batteries 
can be generated externally from the battery charger, 
the battery charger can preferably charge a wide variety 
of battery types. Moreover, the charger can easily 
charge battery types that are invented after the con- 
struction of the charger, thereby increasing the useful 
life of the battery charger. Moreover, by incorporating 
the processor into the adapter, the manufacturing cost 
of the battery packs can be minimized. 
[0031 ] Representative battery chargers may prefera- 
bly include a current source adapted to provide charging 
current to the rechargeable batteries. A switch or other 
control means may be coupled to the current source in 
order to control the amount of current that is supplied to 
the batteries. The charger processor, the adapter proc- 
essor and/or the battery pack processor, may control 
this switch or other control means. Preferably, output 
terminals are provided on the battery charger to supply- 
ing a regulated voltage to the processor of the adapter 
and/or the battery pack. 

[0032] Figs. 1 8-20 show three representative uses of 
battery charger 51 0 according to the present teachings. 
As shown in Fig. 1 8, battery charger 510 may include a 
power supply connector 508 that may be, for example, 
connected to a commercial power source. The inputted 
power supply may be supplied to a charging voltage reg- 
ulator 501 and a voltage regulator 506 for the control 
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device(s). The charging voltage regulator 501. gener- 
ates a charging voltage that will be supplied to the re- 
chargeable batteries 558 disposed within battery pack 

550. Voltage regulator 506 generates a regulated power 
supply Vcc, e.g. 5 volts, that may be utilized by central 
processing unit (CPU) 504 and by external CPUs, as 
will be described below. 

[0033] CPU 504 may execute charging programs 
stored in memory 505, which may be an electrically 
erasable programmable read only memory (EEPROM) 
or other suitable memory. No particular restrictions are 
place on the type of memory or the type of processor 
utilized with the present teachings. CPU 504 may supply 
charging current values or signals to driver 503 that con- 
trols switching device 502 in order to supply an appro- 
priate charging current to batteries 558. For example, 
CPU 504 may execute a variable duty cycle in order to 
supply an optimal charging current to batteries 558. Bat- 
tery charger 51 0 also may include a communication port 
507 for communicating with an external CPU, as will be 
further described below. 

[0034] In Fig. 18, battery pack 550 includes EEPROM 
561, battery temperature sensor 551 and rechargeable 
batteries 558, which may be for example nickel metal 
hydride batteries. In this example, EEPROM 561 may 
store battery charging parameters (e.g. A1 , B1 , etc.) that 
may be communicated to CPU 504. Memory 505 may 
be programmed to include an appropriate charging pro- 
gram f(A,B) for batteries 558. CPU 504 may read the 
battery charging parameters (e.g. A1, B1) from EEP- 
ROM 561 and utilize these charging parameters in the 
charging program in order generate optimal charging in- 
structions for driver 503 and switching device 502. 
[0035] In one preferred, but optional aspect, of the 
present teachings, CPU 504 may utilize battery temper- 
ature signals generated by battery temperature sensor 

551 , which may be a thermistor that is disposed proxi- 
mally to batteries 558, to generate the charging current 
instructions for batteries 558. Thus, in this embodiment, 
battery pack 550 may be directly mounted on battery 
charger 51 0 and communication port 507 is not utilized. 
Further, the CPU also may utilize the battery voltage to 
determine the optimal charging current to supply to bat- 
teries 558. 

[0036] Fig. 19 shows an identical battery charger 510 
and therefore further description of battery charger 51 0 
in Fig. 19 is not necessary. However, in Fig. 19, adapter 
530 is interposed between battery pack 650 and battery 
charger 51 0. In this embodiment, battery pack 650 does 
not include a memory that stores battery charging pa- 
rameters or battery identification information. 
[0037] Preferably, adapter 530 -may-include CPU 
540 and memory 541 , which may be for example an 
EEPROM. Memory 541 may store, for example, a com- 
mon program for several types of batteries that do not 
include a memory. CPU 540 may, for example, utilize 
the battery temperature information and the battery volt- 
age information to generate optimal charging current 



values for controlling driver 503 and switching device 
502, In this case, CPU 540 is adapted to remotely con- 
trol driver 503 and switching device 502 in order to sup- 
ply an appropriate charging current to batteries 558. 

5 [0038] The charging current values generated by 
CPU 540 may be communicated to battery charger 51 0 
through communication port 507. The charging current 
values may be, for example, an optimal duty cycle for 
directly controlling switching device 502 via driver 503 

10 or may be instructions for generating the duty cycle. In 
the latter case, CPU 504 may generate the actual duty 
cycle signals. 

[0039] Although CPU 540 may preferably directly 
control driver 503 and switching device 502, and thus 

15 bypass CPU 504, it is also possible for CPU 540 to com- 
municate with CPU 504 and CPU 504 will supply control 
instructions to driver 503 and switching device 502. 
[0040] Fig. 20 again shows the same battery charger 
510 as Figs. 18 and 19. However, in this embodiment, 

20 battery pack 750 includes a memory, such as an EEP- 
ROM, that stores battery charging parameters (e.g. C8, 
D8, E8). For example, if battery charger 51 0 has not be 
programmed to generate an appropriate charging pro- 
gram for batteries 758, because for example, batteries 

25 758 were invented after the construction of battery 
charger 510, adapter 530 may be utilized to generate 
appropriate charging programs. Thus, memory 541 
stores a charging program g(C, D, E) that is different 
from the charging program f(A,B) stored in memory 505. 

30 Thus, adapter 530 communicates with memory 761 in 
order to obtain the charging parameters (e.g. C8, D8, 
E8) stored within memory 761. CPU 540 then utilizes 
these charging parameters in the charging program g 
(C, D, E) stored in memory 541 and directly instructs 

35 driver 503 and switching device 502 through-communi- 
cation-port 507. 

[0041] As discussed in further detail below, voltage 
regulator 506 may be coupled to a ground line that is 
separate from the ground line coupled to charging volt- 

40 age regulator 501 . By providing separate ground lines, 
switching noises generated by switching device 502 do 
not affect-the operation of CPU 504, 540 and battery 
temperature detector 551 , 651 , 751 . 
[0042] Thus, Figs. 1 8-20 show a highly versatile bat- 

45 tery charger 51 0 and adapter 530 that may be utilized 
to charge various types of batteries 558, 658, 758 in a 
compact, efficient and relatively inexpensive design. 
Thus, unlike known techniques, it is not necessary to 
provide a CPU in each battery pack, which would nec- 

so essarily increase the cost of manufacturing the battery 
pack. Further, because several battery packs are typi- 
cally charged by a single battery charger during power 
tool operation, the overall cost of the charging system 
can be reduced by utilizing the present adapters. 

55 [0043] Figs. 21 -23 show modifications of the appara- 
tus disclosed in Figs. 18-20. Because substantial por- 
tions of the two designs are identical, only differences 
between the two designs will be described. In Fig. 21 , 
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battery pack 850 includes a memory 861 that stores bat- 
tery identification information (ID 1 , 2, 3, 4), which may 
be communicated to CPU 504. Memory 605 stores a set 
of charging programs (1 , 2, 3, 4) and CPU 504 selects 
the most appropriate charging program based upon the 
battery identification information stored in memory 861 . 
CPU 504 may then execute the charging program as 
described above with reference to Fig. 18. 
[0044] In Fig. 22, battery pack 658, which may be the 
same battery pack 658 as in Fig. 1 9, does not include a 
memory and battery identification information. Thus, 
CPU 640 may execute the charging program stored in 
EEPROM 641. Driver 503 and switching device 502 
may be remotely controlled by CPU 640, as discussed 
above with reference to Fig. 1 9. 
[0045] I n Fig. 23, battery pack 950 includes a memory 
961 , which includes battery identification information (8, 
9). However, in this case, battery charger 610 is not pro- 
grammed to recognize the battery identification informa- 
tion stored in memory 961 . Therefore, memory 641 may 
contain one or more programs (8, 9) utilized to recognize 
the battery identification information (8, 9) stored in 
memory 961 and select the appropriate charging pro- 
gram from memory 641 . The charging program may 
then be executed as discussed above with reference to 
Fig. 20. 

[0046] Fig. 24 shows a modification of the battery 
charger, adapter and battery pack shown in Fig. 1 9. Be- 
cause adapter 630 may directly control driver 503 and 
switching device 502 via communication port 507, it is 
possible to omit the processor and memory from battery 
charger 610. Thus, in this aspect of the present teach- 
ings, adapter 630 contains all the processing circuits 
that are necessary to generate the optimal duty cycle 
for controlling driver 503 and switching device 502 and 
the manufacturing cost of battery charger 610 can be 
reduced. 

[0047] Fig. 25 shows a modification of the battery 
charger, adapter and battery pack shown in Figs. 1 8 and 
20. As discussed with respect to Fig. 24, the processor 
and memory can be omitted from these embodiments 
as well. Thus, CPU 640 can directly control driver 503 
and switching device 502 and the need for a processor 
and memory within battery charger 610 may be elimi- 
nated. 

[0048] Each of the additional features and method 
steps disclosed above and below may be utilized sepa- 
rately or in conjunction with other features and method 
steps to provide improved battery chargers, adapters 
and battery packs and methods for making and using 
the same. Detailed representative examples of the 
present teachings, which examples will be described 
below, utilize many of these additional features and 
method steps in conjunction. However, this detailed de- 
scription is merely intended to teach a person of skill in 
the art further details for practicing preferred aspects of 
the present teachings and is not intended to limit the 
scope of the invention. Only the claims define the scope 



of the claimed invention. Therefore, combinations of 
features and steps disclosed in the following detailed- 
description-may not be necessary to practice the 
present teachings in the broadest sense, and are in- 

5 stead taught merely to particularly describe represent- 
ative and preferred embodiments of the present teach- 
ings, which will be explained below in further detail with 
reference to the figures. Of course, features and steps 
described in this specification may be combined in ways 

10 that are not specifically enumerated in order to obtain 
other usual and novel embodiments of the present 
teachings. 

First Detailed Representative Embodiment 

15 

[0049] As shown in Figure 1(A), battery charger 10 
may optionally be designed to directly charge a battery 
pack 50 that contains a memory 61 , such as an EEP- 
ROM, that stores charging parameters and/or battery 
20 identification information. As shown in Figure 1 (B), bat- 
tery charger 1 0 also may be designed to charge battery 
pack 50B that does not contain a memory by interposing 
adapter 30 between battery charger 1 0 and battery pack 
50B. 

25 [0050] Battery pack 50, which includes EEPROM 61 
and may be directly charged by battery charger 10, will 
first be explained with reference to Fig. 3. Battery pack 
50 may comprise a variety of rechargeable batteries 58, 
such as nickel metal hydride batteries, that are serially 

30 connected within a housing 51 made of a resin material. 
Naturally, various battery types may be utilized with the 
present teachings and moreover, the present teachings 
specifically contemplate the use of battery technologies 
that have not yet been invented, because the battery 

35 charger and adapter are designed to be utilized with new 
technologies. Further, housing 51 may be constructed 
from a variety of materials and the particular type of 
housing 51 utilized with the present teachings is not lim- 
ited. 

40 [0051] The housing 51 may have, e.g., a substantially 
prism-like shape. As shown in Fig. 1(A), temperature 
sensorTM may be disposed within battery pack 50 prox- 
imally to the batteries 58 in order to generate signals 
based upon the temperature of the batteries 58. Tem- 

45 peratu re sensorTM may preferably be a thermistor hav- 
ing an electric resistance that varies depending on the 
battery temperature. However, various other types of 
temperature sensors certainly may be utilized with the 
present teachings, such as thermocouples, etc. EEP- 

so ROM 61 may store various types of information, such 
as a battery identification code and/or charging param- 
eters. 

[0052] As shown in Fig. 3, fitting portions 52 may have 
fitting grooves 53 that may be inserted into correspond- 
55 ing grooves in a power tool, such as battery-powered 
drill 70, or into corresponding grooves in battery charger 
1 0. These fitting portions 52 may be formed on an upper 
end side of housing 51 and may be parallel to each other 
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in a rail-like manner. Hook 54 is adapted to be withdrawn 
or inserted in the vertical direction and is disposed on a 
portion located on one end of fitting portions 52. Hook 
54 is integrally formed with lever 55 that is provided on 
a lateral surface of housing 51 and is upwardly urged by 5 
a coil spring (not shown). In this manner, battery pack 
50 may engage specified hook grooves that are formed 
on these members when battery pack 50 is mounted on 
battery-powered drill 70 or battery charger 10. This de- 
sign prevents battery pack 50 from easily dislodging 
from battery-powered drill 70 or battery charger 1 0. By 
pressing lever 55 in the downward direction (as shown 
in Fig. 3) of housing 51 against the urging force of the 
coil spring, hook 54 will simultaneously move down- 
ward. As a result, hook 54 will disengage from a corre- 
sponding hook groove and battery pack 50 may be de- 
tached from battery-powered drill 70 or battery charger 
10. 

[0053] Ventilating aperture 56, positive terminal 
groove 57, negative terminal groove 59 and connector 
60 may be disposed between fitting portions 52 on the 
upper side of housing 51 . Ventilating aperture 56 is dis- 
posed so that it may communicate with forced air aper- 
ture 1 6 provided in battery charger 1 0 when battery pack 
50 is mounted on battery charger 1 0. Accordingly, cool- 
ing air may be forced into battery pack 50 by a cooling 
fan (not shown) that is disposed within battery charger 
1 0 so as to cool battery pack 50 during the battery charg- 
ing operation. 

[0054] Positive terminal T1 and negative terminal T2 
(as shown in Fig. 1(A)) are respectively disposed within 
positive terminal groove 57 and negative terminal 
groove 59. Preferably, terminals T1 , T2 may contact the 
incoming terminals or output terminals of either battery- 
powered drill 70 or battery charger 1 0. As shown in Fig. 
1 (A), terminals T4, T5 are provided on the interior of the 
connector 60 to connect to temperature sensor TM and 
terminal T6 is provided to connect to EEPROM 61 . 
[0055] Battery pack 50 may be mounted on battery- 
powered drill 70 as shown in Fig. 4. Battery-powered 
drill 70 may include battery pack mounting portion 75 
that is located below grip (or handle) portion 74. Battery 
pack mounting portion 75 may include fitting portions 
that engage fitting portions 52 of battery pack 50. Fur- 
ther, a hook groove (not shown) may engage hook 54 
of battery pack 50. Thus, battery pack 50 may be con- 
nected to battery pack mounting portion 75 in a freely 
attachable/detachable manner. 
[0056] Battery pack 50 supplies power to battery- 
powered drill 70 via positive terminal T1 and negative 
terminal T2 of battery pack 50, which are connected to 
incoming terminals (not shown) disposed on the hous- 
ing of battery-powered drill 70. In this particular embod- 
iment, the supplied power causes the motor (not shown) 
to rotate chuck 76. 

[0057] Fig. 5 shows an external appearance of battery 
pack 50B that does not have an EEPROM, but may in- 
clude e.g., nickel metal hydride batteries. Fitting portion 



52B may be f ormed in a substantially cylindrical manner 
and base portion 55B may have a substantially prism- 
like shape. Key-shaped key portion 54B may be dis- 
posed on a lateral side of fitting portion 52B. Positive 
terminal T1 may be connected to a positive battery ter- 
minal and negative terminal T2 may be connected to a 
negative terminal. Sensor terminals T4, T5 may be con- 
nected to temperature sensor TM, such as a thermistor, 
and may be disposed on an upper portion of battery 
pack 50B. 

[0058] Fig. 6 shows battery pack 50B of Fig. 5 mount- 
ed on battery-powered drill 70B, which has receiving 
portion 72B for receiving fitting portion 52B of battery 
pack 50B. Chuck 76B is rotated by means of a motor 
(not shown) upon supply of electric power through pos- 
itive terminal T1 and negative terminal T2 of battery 
pack 50B. 

[0059] A design for battery charger 1 0 that will permit 
direct charging of battery pack 50 having EEPROM 61 
will now be-explained with reference to Figs. 1 (A) and 
2. As shown in Fig. 2, battery charger 1 0 includes hous- 
ing 1 1 , which also may preferably comprise a resin ma- 
terial, and fitting portion 1 2 that enables mounting of bat- 
tery pack 50. Air-suction aperture 13 draws air from the 
exterior This air is forced into the battery pack 50 by 
means of a cooling fan (not shown) disposed within 
housing 11 . Various indicators (not shown) may also be 
provided on housing 11 , such as a battery voltage indi- 
cating lamp that may indicate the battery voltage during 
a charging operation or other condition indicating lamps 
for indicating operating conditions of battery charger 1 0. 
A control circuit may control the illumination of these in- 
dicators and will be further described below. 
[0060] Fitting portion 12 may have guides 14 adapted 
to guide fitting grooves 53 of battery pack 50. Forced air 
outlet 1 6 preferably communicates with ventilating out- 
let 56 of battery pack 50. A hook groove (not shown) 
may be provided within forced air outlet 1 6 and hook 54 
of battery pack 50 may engage the hook groove. Fitting 
portion 12 also may have output terminals t1, t2 that 
electrically couple to positive terminal T1 and negative 
terminal T2 of battery pack 50. A connector (not shown) 
that can be connected to connector 60 of battery pack 
50 also may be provided. Terminals t4, t5 may be dis- 
posed within the connector in order to connect to tem- 
perature sensor TM of battery pack 50. Further, com- 
municating terminal t6 also may be disposed in the con- 
nector in order to connect to EEPROM 61 of battery 
pack 50 or control portion 41 of adapter 30. 
[0061 ] As shown in Fig. 1 (A), the control circuit of bat- 
tery charger 1 0 may include power source circuit 22 that 
generates an appropriate charging current to be sup- 
plied to the rechargeable batteries. Charge current con- 
troller 24 may control the supply of charging current to 
the batteries and preferably comprises a switch. Control 
portion 26 may execute charging programs stored in 
memory 29 and the control portion 26 is preferably dis- 
posed in a processor, such as a microprocessor orcen- 
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tral processing unit. Battery voltage determination por- 
tion 27 may be included within the processor or may be 
a separate component adapted to detect whether a re- 
chargeable battery has been coupled to battery charger 
1 0 and may detect the voltage of battery 58. Battery tern- 5 
perature detecting portion 28 also may be included with- 
in the processor or may be a separate component that 
receives temperature signals from a battery tempera- 
ture sensor TM within battery pack 50 and generates 
battery temperature information. 
[0062] Power source circuit 22 preferably provides a 
charging capacity that is suitable for batteries 58. Mem- 
ory 29 may store one or more charging programs, such 
as the charging programs described in commonly as- 
signed US Patent Nos. 6,075,347 and 6,124,698, and 
European Patent Publication Nos. 982829, 1039612 
and 1039613. These patents and published patent ap- 
plications disclose battery charging techniques that, 
generally speaking, involve detecting the battery tem- 
perature of batteries 58 using temperature sensor TM 
and increasing or decreasing the charging current 
based upon the detected temperatures. Moreover, other 
charging techniques may be utilized with the present 
teachings, such as the charging techniques described 
for example in US Patent Nos. 5,550,453, 5,627,451, 
5,945,803 and 6,008,628 and European Patent Publi- 
cation No. 966089. A person of skill in the art will imme- 
diately recognize the advantages of combining the 
present teachings with one or more of the teachings of 
the above-mentioned patents and patent applications. 
[0063] Control portion 26 preferably generates a tem- 
perature increase value (i.e. differentiates the changing 
battery temperature by time) from temperature values 
generated by temperature detecting portion 28. Control 
portion 26 then generates a specific current value to ap- 
ply to batteries 58 based on the current value controlling 
information stored in memory 29. The current value is 
output to charge current controlling portion 24 as a cur- 
rent instructing value. Charge current controlling portion 
24 is also capable of controlling power source circuit 22 
based on the current instructing value from control por- 
tion 26 and in order to adjust the charging current sup- 
plied to battery pack 50. 

[0064] When battery packSO is mounted on fitting por- 
tion 12, control portion 26 preferably utilizes a specific 
algorithm to control power source circuit 22, charge cur- 
rent controlling portion 24, voltage detecting portion 27, 
temperature detecting portion 28 and memory 29. As a 
result, batteries 58 within battery pack 50 are charged. 
During the charging operation, the capacity indicating 
lamp for indicating the storage capacity of battery pack 
50 may be illuminated. Upon completion of the charging 
operation, charging is terminated and the same lamp 
may accordingly indicate charge completion. Control 
portion 26 may also include communicating port 26a 
that may, e.g., receive charging instructions from adapt- 
er 30 or battery pack 50. 

[0065] Fig. 7 shows adapter 30 according to a first 



representative embodiment. Fig. 1 (B) shows a block di- 
agram of a representative circuit arrangement for adapt- 
er 30, charger 1 0 and battery pack 50B. Specifically, 
adapter 30 is interposed between the battery charger 
1 0 and battery pack 50B and enables charging of battery 
pack 50B, which does not include a memory that con- 
tains charging parameters or other battery identification 
information that may be provided to battery charger 1 0. 
[0066] As shown in Fig. 7, fitting portion 32 may be 
disposed on a lower surface of adapter 30 and may be 
inserted into fitting portion 12 of battery charger 10, 
which was described above with respectto Fig. 2. Fitting 
hole 38 may be fitted into fitting portion 52B of battery 
pack SOB, which was described above with reference to 
Fig. 5. Hook 34 is urged in the vertical direction by lever 
36 that is provided on a lateral surface of battery pack 
50B. 

[0067] Fitting portion 32 may have a positive incoming 
terminal, a negative incoming terminal and a connector 
(not shown) adapted to connect to positive output ter- 
minal t1 , negative output terminal t2 and the connector 
of battery charger 10. Fitting hole 38 also may have a 
positive output terminal, a negative output terminal and 
sensorterminals (notshown) adaptedto connect to pos- 
itive terminal T1 , negative terminal T2 and sensor ter- 
minals T3, T5 of battery pack 50B as shown in Fig. 5. 
Battery charger 1 0 may be connected to adapter 30 by 
engaging hook 34 on the lateral side with hook groove 
1 8 of battery charger 1 0. 

[0068] As shown in Fig. 1 (B), adapter 30 may include 
control portion 41 , battery temperature determining por- 
tion 47 for detecting the battery temperature and voltage 
detecting portion 43 for detecting the voltage of the bat- 
teries 58. Preferably, these functions are performed by 
a processor based upon programs stored in a memory, 
although these functions may be performed by separate 
components. Preferably, battery charger 10 supplies a 
regulated voltage to these control circuits. Control por- 
tion 41 may perform communicating functions in order 
to communicate information to control portion 26. More 
particularly, communication is established between 
communicating port 41 a and communicating port 26a of 
control portion 26. 

[0069] Battery charging operations using adapter 30 
and battery charger 1 0 will further be explained with ref- 
erence to the flowcharts of Figs. 8 and 9. Fig. 8 shows 
operating steps performed by adapter 30 and Fig. 9 
showsope rating steps performed by battery charger 1 0. 
[0070] Referring to Fig. 9, if battery pack 50 having 
EEPROM 61 is mounted on the battery charger 10, the 
charging operations are performed in accordance with 
the charging control program stored in EEPROM 61 . On 
the other hand, if adapter 30 is mounted on battery 
charger 10 and adapter 30 stores a charging program, 
current is supplied to batteries 58 in accordance with the 
instructions generated by adapter 30. 
[0071 ] As shown in Fig. 9, if battery pack 50 is directly 
mounted on the battery charger 10 as shown in Fig. 1 
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(A) (i.e. without adapter 30), mounting (S52) is deter- 
mined by the control portion 26 by detecting the battery 
voltage (using voltage detecting portion 27) and/or by 
detecting the battery temperature (using the tempera- 
ture detecting portion 28) according to step (S64). If bat- 
tery pack 50 is mounted, information stored in EEPROM 
61 is read out (S66). The appropriate charging control 
program stored in memory 29 is selected and/or the 
charging parameters from EEPROM are utilized by the 
charging program stored in memory 29 (S68). The volt- 
age/temperature of batteries 58 are determined by volt- 
age detecting portion 27 and temperature detecting por- 
tion 28 (S70). 

[0072] Based upon the battery voltage/temperature 
information (S72), the processor determines whether 
the charging operation has been completed. If the 
charging operation has not been completed (S72:NO), 
the battery charging current is determined based upon 
the battery voltage/temperature by executing the re- 
trieved program (S78). The appropriate battery charging 
current is supplied from the power source circuit 22 to 
the batteries 58 until the charging operation is complet- 
ed. Preferably, a temperature value is output from tem- 
perature detecting portion 28 and the temperature value 
is differentiated to obtain a temperature increase value. 
[0073] Although various techniques may be utilized to 
determine the appropriate charging technique, and the 
present teachings are not limited to any particular charg- 
ing technique, the specific charging current value may 
be selected based upon a control program stored in 
memory 29. The appropriate charging current value 
may be output to the charge current controlling portion 
24 as a current instructing value for controlling the 
charge current. When the processor determines that the 
charging operation has been completed based upon the 
battery temperature and voltage (S72: YES), charging 
is terminated (S80). 

[0074] On the other hand, if adapter 30 is interposed 
between the battery charger 10 and the battery pack 
50B as shown in Fig. 1 (B), a representative method for 
charging batteries 58 will now be explained with refer- 
ence to Figs. 8 and 9. 

[0075] Upon determination that adapter 30 has been 
mounted or connected to battery charger 1 0 (S1 2 of Fig. 
8: YES), control portion 41 of adapter 30 initiates com- 
munication with control portion 26 of battery charger 1 0 
(S14). Inquiries are first made to control portion 26 of 
battery charger 10 with respect to the charging param- 
eters of battery charger 1 0, such as the maximum output 
current. In response to this inquiry (S54 of Fig. 9: YES), 
control portion 26 of battery charger 1 0 transmits charg- 
ing parameters to control portion 41 of adapter 30 (S56). 
As a result, adapter 30 may utilize the charging param- 
eters of battery charger 1 0 to optimize the charging op- 
eration (S16 of Fig. 8). 

[0076] Upon mounting of battery pack 50 on adapter 
30 as shown in Fig. 1(B), control portion 41 detects 
mounted battery pack 50 by detecting the battery volt- 



age (using voltage detecting portion 43) and/or by de- 
tecting the battery temperature (using temperature de- 
tecting portion 47) (S18: YES). In order to initiate the 
charging operation, control portion 41 first detects the 
5 voltage/temperature of batteries 58 (S22). The proces- 
sor then, determines whether charging operations have 
been completed based upon the battery voltageAem- 
perature. (S24). The charging program is executed 
(S26) and instructions relating to the appropriate charge 
current value, which have been determined based upon 
the battery voltage/temperature, are transmitted (S27) 
to control portion 26 of battery charger 1 0 until the charg- 
ing operation has been completed (S24: NO). 
[0077] Control portion 26 of battery charger 1 0 re- 
mains in a stand-by condition in order to receive instruc- 
tions from adapter 30 (S60) if adapter 30 has been 
mounted (S52 of Fig. 9: YES). Upon receipt of instruc- 
tions from adapter 30 concerning the charge current val- 
ue, as described above (S60: YES), the power source 
circuit 22 is controlled based upon such instruction val- 
ues, and the appropriate charging current is supplied to 
battery pack 50B. 

[0078] Upon detection of completion of charging op- 
erations by control portion 41 of adapter 30 (S24 of Fig. 
8: YES), the charging operation is terminated (S28). In 
accordance therewith, the battery charger 1 0 completes 
the charging operations (S62 of Fig. 9). 
[0079] According to the first representative embodi- 
ment, the power source circuit 22 is controlled in accord- 
ance with instructions from control portion 41 of adapter 
30. Thus, battery pack 50B, which does not have mem- 
ory, can be charged, even though battery charger 10 
does not contain an appropriate charging program. Fur- 
ther, battery charger 1 0 can be remotely controlled by 
adapter 30 upon detection of the presence of the battery 
pack 50B. As a result, battery pack 50B, which does not 
have memory, can be charged by battery charger 10, 
which was originally designed to charge battery pack 50 
that has a memory storing charging parameters and/or 
battery identification information. 
[0080] Control portion 26 of battery charger 10 may 
transmit charging parameters of the power source cir- 
cuit in response to inquiries from adapter 30. According- 
ly, controlling the charging current supplied to batteries 
58 enables optimal charging operations. 
[0081] A modification of the first representative em- 
bodiment is shown in Fig. 1 0, which is a block diagram 
of adapter 130. Adapter 130 includes memory 61 (e.g. 
EEPROM) that may store a charging program for battery 
pack 50 B, which does not have a memory, or may store 
battery identification information. Battery charger 10 
may execute a charging program stored in memory 29 
based upon data from memory 61 or battery charger 10 
may execute the charging program stored in memory 
61 . This simple arrangement also makes it possible to 
charge battery pack 50B, which could not be charged 
by battery charger 1 0 without adapter 1 30. This arrange- 
ment may be realized without providing a remote control 
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function for battery-charger 1 0. 
[0082] A second modification of the first representa- 
tive embodiment is shown in Fig. 11, which is a block 
diagram of adapter 230. Battery charger 10 may be 
identical to battery charger 1 0 of Fig. 1 . Although battery 
pack 50C has EEPROM 61, a control program corre- 
sponding to the charging characteristics of the battery 
pack 50C is not stored in battery charger 10. Instead, 
control programs corresponding to the charging charac- 
teristics of battery pack 50C are stored in control portion 
41 of adapter 230. When battery pack 50C is mounted 
on adapter 230, control portion 41 of adapter 230 reads 
out instructions stored in EEPROM 61 through commu- 
nication port 41b. An appropriate control program cor- 
responding to these instructions is retrieved and battery 
charger 1 0 is remotely controlled to perform the charg- 
ing operation as described above. 
[0083] Because control portion 41 of adapter 230 re- 
motely controls battery charger 1 0 in accordance with 
instructions stored in EEPROM 61 of battery pack 50C 
in this embodiment, battery pack 50C can be appropri- 
ately charged, even though battery charger 1 0 was not 
originally designed to charge battery pack 50C. 
[0084] A third modification of the first representative 
embodiment is shown in Fig. 12, which is a block dia- 
gram of battery pack 1 50. In the third modified example, 
battery pack 150 includes control portion 62, which is 
similar to control portion 41 provided in adapter 30. Con- 
trol portion 62 includes communication port 62a that 
communicates with communication port 26a of control 
portion 26 in order to receive information, such as bat- 
tery temperature information, battery temperature in- 
crease information and/or battery voltage information. - 
Appropriate current values are determined based upon 
this information and the charging operation is enabled. 
Accordingly, optimal charging operations can be per- 
formed without the necessity of storing any data for 
charging battery packs in battery charger 10. 
[0085] Battery chargers may preferably communicate 
with various types of external apparatus in order to prop- 
erly control the charging operation in accordance with 
instructions from the external apparatus. Thus, battery 
charger 1 0 may perform a charging operation based up- 
on control instructions from an exterior test device con- 
nected to control portion 26 during a final stage of man- 
ufacturing, e.g. control instructions for illuminating vari- 
ous LEDs or rotating the cooling fan, etc. In other words, 
because performance tests can be performed without 
the necessity of providing testers for the respective pur- 
poses, performance tests may be performed in a re- 
markably simple manner. 

[0086] While the first embodiment has been explained 
above with reference to an example in which remote 
control of the battery charger is- performed using an 
adapter and/or a battery pack, the battery chargers may 
also include communicating functions that may be re- 
motely controlled by communicating cables of comput- 
ers or other external equipment. 



Second Detailed Representative Embodiment 

[0087] A battery charger 31 0 according to the second 
representative embodiment is designed to charge bat- 
5 tery packs 50 having a memory or adapters 330 having 
a memory. Adapter 330 is constructed to control the bat- 
tery charger 31 0 in order to charge battery pack 50B 
that does not have a memory. Fig. 13(A) is a block dia- 
gram showing battery pack 50 (having EEPROM 61) 
mounted on battery charger 31 0. On the other hand, Fig . 
13(B) is a block diagram showing battery pack 50B (not 
having a memory) mounted on battery charger 310 with 
adapter 330 interposed between battery pack 50B and 
battery charger 310. Because the external appearance 
of- battery charger 310 may be similar to the first em- 
bodiment shown in Fig. 2, reference will be made to Fig. 
2 and further explanation of the external appearance are 
not necessary. Moreover, the housing designs show in 
Figs. 3-7 also may be utilized for battery powered drill 
70, battery pack 50 and battery pack 50B. 
[0088] As shown in Fig. 1 3(A), a control circuit of bat- 
tery charger 310 may include first power source circuit 
22A, which may serve as a charge power source portion 
for charging battery pack 50. Battery charger 310 may 
also include charge current controlling portion 24, con- 
trol portion 26, voltage detecting portion 27 (preferably 
comprising a pair of resistors), resistance R1 for battery 
temperature detection and memory 29. A second power 
source circuit 22B may supply a regulated voltage (e.g. 
5V) to control portion 26 and to other circuits. 
[0089] First power source circuit 22A preferably has 
a sufficient charge current capacity to charge batteries 
58. A transformer (not shown) may be coupled to a com- 
mercial power source and may supply powerto both first 
power source circuit 22A and second power source cir- 
cuit 22B. First power source circuit 22A preferably ad- 
justs the charging current supplied to the batteries using 
varying duty ratios. Second power source circuit 22B 
preferably supplies a regulated voltage of 5V. This reg- 
ulated voltage may be supplied to an external apparatus 
(e.g. adapter 330) through output terminals t3, t4. Out- 
put terminal t4 is also preferably connected to the 
ground of second power source circuit 22B. 
[0090] As shown in Fig. 13(A), resistance R1 is uti- 
lized to generate battery temperature information, be- 
cause it is serially connected to temperature sensor TM. 
The resistance of temperature sensor TM varies de- 
pending on the battery temperature. Control portion 26 
determines the battery temperature during the charging 
operation based upon changes in potential between re- 
sistance R1 and temperature sensor TM. Control por- 
tion 26 also detects the battery voltage based upon 
changes in potential between the resistances of voltage 
detecting portion 27, which includes a pair of resistors. 
Memory 29 may store current value controlling informa- 
tion, such as look up tables or other charging programs. 
[0091 ] Upon determining a temperature increase val- 
ue (by differentiating the temperature values calculated 
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based upon the potential across resistance R1), control 
portion 26 calculates a specific current value based up- 
on the current value controlling information stored in 
memory 29. The current value is then output to charge 
current controlling portion 24 as a current instructing val- 5 
ue. Charge current controlling portion 24 is also capable 
of controlling the first power source circuit 22A based 
upon the current instructing value generated by control 
portion 26 and adjusting the charging current for battery 
pack 50. 

[0092] When battery pack 50 is mounted on battery 
charger 310, control portion 26 controls first power 
source circuit 22A and charge current controlling portion 
24 using a specified algorithm and batteries 58 within 
battery pack 50 are charged. During the charging oper- 
ation, the capacity indicating lamp may be illuminated 
to indicate the storage capacity of battery pack 50. Upon 
termination of the charging operation, the same lamp 
may indicate charge completion. Control portion 26 pref- 
erably executes various instructions, such as charging 
that is controlled by adapter 330 in a manner that was 
described above with respect to Figs. 8 and 9. 
[0093] Fig. 13(B) shows a block diagram of adapter 
330 mounted on battery charger 310 and battery pack 
50B is mounted on adapter 330. Adapter 330 enables 
charging of battery pack 50B, which does not have a 
memory, by means of battery charger 31 0. 
[0094] Adapter 330 includes control portion 41 that 
operates using the regulated power supply transmitted 
by terminals t3, t4 from battery charger 31 0. Resistance 
R2 may be utilized to detect the battery temperature. 
Voltage detecting portion 43 may include a pair of re- 
sistances that are adapted to detect the voltage of bat- 
teries 58. Control portion 41 also may include commu- 
nicating functions and information may be communicat- 
ed to and from control portion 26 of battery charger 3 1 0 
through communicating terminal T6. 
[0095] Because charging operations using adapter 
330 and battery charger 31 0 of the second embodiment 
are similar to the first embodiment described with re- 
spect to Figs. 8 and 9, further detailed explanation is not 
necessary. It is sufficient to note that temperature values 
may be generated based upon resistance R1 and ther- 
mistor TM and battery voltage values may be deter- 
mined based upon the pair of resistors 43 and the op- 
erating steps shown in Figs. 8 and 9 may also be utilized 
with the second embodiment. 

[0096] Battery charger 310 preferably includes sec- 
ond power source circuit 22B in order to supply a regu- 
lated voltage to control portion 26 and to control portion 
41 of adapter 330 through output terminals t3, t4. Be- 
cause a regulated voltage of 5V is utilized by control por- 
tion 41 and control portion 26, instead of the charging 
voltage from first power source circuit 22A, the regulated 
power supply is free of switching noises caused by the 
duty cycle generated by charge current controlling por- 
tion 24. As a result, control portion 41 of adapter 330 
may accurately detect the temperature of batteries 58 



based upon the potential of resistance R2, which is se- 
rially connected to thermistor TM of battery pack 50B. 
Accordingly, precise control of the charging operation is 
possible. 

[0097] Moreover, it is not necessary to provide a sep- 
arate power source circuit in order to supply power to 
control portion 41 . It is also possible to detect mounting 
of the battery pack 50B without detecting the supply of 
charge current from the battery charger 31 0. 
[0098] The output terminal t4 is coupled to a ground 
that is separate and distinct from negative output termi- 
nal t2, which is part of the battery charging circuit. Be- 
cause a relatively large current will flow across negative 
output terminal t2, contact resistance between negative 
output terminal t2 of adapter 330 and negative terminal 
T2 of battery pack 50B causes a large voltage drop. The 
ground level (voltage) of negative terminal T2 will there- 
fore fluctuate in correspondence with this voltage drop 
(offset voltage). Because second power source circuit 
22B, which generates a relatively low current (and no 
offset voltage is generated), is coupled to output termi- 
nal t4, the ground level of terminal T4 of battery pack 
50B does not fluctuate. Thus, the battery temperature 
may be accurately obtained based upon the voltage 
across resistance R2. 

[0099] In another preferred embodiment, adapter 430 
will be described with reference to Figs. 14-17, which 
adapter 430 can eliminate memory effects of battery 
pack 50. Fig. 14shows adapter 430 mounted on battery 
charger 31 0 and Fig. 1 5 is a block diagram of the control 
circuits of adapter 430 and battery charger 31 0. Adapter 
430 is interposed between battery charger 31 0 and bat- 
tery pack 50 in order to perform a discharge operation 
of batteries 58 of the battery pack 50. This discharge 
operation may eliminate memory effects of battery pack 
50. 

[0100] As shown in Fig. 14, fitting portion 432 is pref- 
erably inserted into fitting portion 1 2 of the battery charg- 
er 310. Fitting portion 432 may be formed on a lower 
surface of adapter 430. Fitting portion 438 is preferably 
inserted into fitting groove 53 of battery pack 50, as de- 
scribed above with reference to Fig. 3. Fitting portion 
438 may be formed 

on an upper surface of adapter 430. Hook 434 is 
urged in the vertical direction by-a lever 436 and 
hook groove 435 is provided on a lateral surface of 
adapter 430. 

[0101] Positive incoming terminal T1, negative incom- 
ing terminal T2 and a connector are disposed on fitting 
portion 432, which is on the lower surface of adapter 
430. These terminals and connector are adapted to be 
connected to positive output terminal t1, negative output 
terminal t2 and the connector of the battery charger31 0, 
respectively. The connector preferably includes termi- 
nals T3, T4 that are adapted to connect to output termi- 
nals t3, t4 of battery charger31 0 in orderto supply power 
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to the controller. Communicating terminal T6 is adapted 
to connect to terminal t6 in order to communicate with 
control portion 26 of battery charger 310. 
[01 02] On the other hand, fitting portion 438, which is 
on the upper surface of adapter 430, has positive output 5 
terminal t1 , negative output terminal t2 and sensor ter- 
minals t4, t5. These terminals are adapted to connect to 
positive terminal T1, negative terminal T2 and sensor 
terminals T4, T5 of the battery pack 50, respectively. 
Communicating terminal t6 is adapted to couple to EEP- 10 
ROM 61. 

[0103] Asshown in Fig. 15, the control circuit of adapt- 
er 430 may include control portion 1 41 that operates us- 
ing the regulated power supply from second power 
source circuit 22B of battery charger 310. Resistance '5 
R2 may be included to determine the battery tempera- 
ture and voltage detecting portion 43 may be included 
to determine the voltage of batteries 58. Indicating por- 
tion 44 may indicate the capacity of battery pack 50 and 
push button switch 46 may be provided to start a refresh- 20 
ing (discharge) operation for battery pack 50. Discharge 
load 42 may include a resistance that functions as a load 
during the refreshing operation. A relay may be utilized 
to switch between the charging operation and the dis- 
charge (refreshing) operation. Finally, charge/discharge 25 
switching portion 45 may be utilized to control relay 48. 
[0104] Control portion 141 of adapter 430 may include 
communication functions in orderto communicate infor- 
mation to/from control portion 26 of battery charger 310. 
Thus, adapter 430 may also include communication- 30 
terminal t6 in order to read out information stored in 
EEPROM 61 of battery pack 50. 
[0105] When battery pack 50 is mounted, adapter 430 
sends instructions to control portion 26 of battery charg- 
er 31 0 in order to control the charge current. When push 35 
button switch 46 is actuated, relay 48 connects to 
charge load 42 through charge/discharge switching por- 
tion 45 in orderto discharge any power remaining in bat- 
teries 58. During this refreshing operation, adapter 430 
may twice discharge batteries 58 and the indicating por- 40 
tion 44 may indicate the capacity at the time of the sec- 
ond discharge. Discharge may be performed a third time 
and operations are completed accordingly. In other 
words, by twice performing the discharge operation, the 
memory effect may be almost completely eliminated. 45 
Preferably, the discharge operation is twice performed, 
because performing the discharge operation only once 
may not eliminate the memory effect. However, the life 
of the batteries may be reduced if the discharge opera- 
tion is performed more than three times. Because mem- so 
ory effects are not usually generated in batteries used 
for power-driven tools as a result of ordinary use, the 
refreshing circuit will increase the cost of the battery 
charger, but may not be required for most operations. 
However, if adapter 430 includes the refreshing circuit, ss 
memory effects of -secondary batteries can be reduced 
without increasing the cost of the battery charger. 
[0106] Charging operations of the adapter 430 and 



the battery charger 310 will now be explained with ref- 
erence to the flowcharts of Figs. 16 and 17. If adapter 
430 is not mounted, battery charger 310 performs the 
charging operation in accordance with its own control 
program in a manner as described above with reference 
to Fig. 9. On the other hand, if the adapter 430 has been 
mounted, instructions are transmitted by adapter 430 
and power source circuit 22 supplies current in accord- 
ance with the instruction values. 
[0107] A representative charging operation will now 
be explained for the case in which adapter 430 is inter- 
posed between battery charger 310 and battery pack 
50. Fig. 17 shows a subroutine of charging operations 
(S200, S202) within a main routine performed by adapt- 
er 430 as shown in Fig. 1 6. Control portion 1 41 of adapt- 
er 430 first detects the voltage/temperature of batteries 
58 using voltage detecting portion 43 and resistance R2 
(S203). Control portion 141 then determines whether 
the charging operation has been completed based upon 
the battery voltage/temperature (S204). Appropriate 
charging current values are determined based upon the 
battery voltage/temperature and are supplied to control 
portion 26 of battery charger 310 (S206) until the charg- 
ing operation has been completed (S204: NO). 
[0108] Control portion 26 of battery charger 310 re- 
mains in a stand-by condition in orderto receive instruc- 
tions from adapter 430 (S60) in the event that adapter 
430 is mounted (S52 of Fig. 9: YES). Upon receipt of 
instructions relating to the charge current values from 
adapter 430, power source circuit 22 is controlled on the 
basis of such instruction values, and an appropriate 
charging current is supplied to battery pack 50. 
[0109] Upon detection of completion of the charging 
operation by adapter 430, (S204: YES), the charging op- 
eration will be terminated (S208) and battery charger 
310 completes the charging operation (S62 of Fig. 9). 
[0110] Representative charging and refreshing oper- 
ations, which may be performed by adapter 430, will 
now be explained with reference to the flowchart of Fig. 
1 6. Upon detection of mounting adapter 430 to battery 
charger 31 0(S1 22: YES), control portion 141 of adapter 
430 initiates communications with control portion 26 of 
battery charger 310 (S114). Inquiries are first made to 
control portion 26 with respect to the charging parame- 
ters of battery charger 31 0, such as the maximum sup- 
ply current. After the charging parameters are sent from 
control portion 26 to control portion 141, the charging 
parameters of battery charger 310 are recognized 
(S116). 

[0111] Upon mounting battery pack 50 to adapter 430 
as shown in Fig. 15, control portion 141 determines 
mounting based upon detection of the battery voltage 
by voltage detecting portion 43 and/or based upon de- 
tection of the battery temperature by temperature de- 
tecting portion 28 (S118: YES). Thereafter, information 
is read out from EEPROM 61 and an appropriate control 
program is retrieved based upon the type of the battery 
pack 50 that has been mounted. The control program 
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may be selected from a set of control programs for var- 
ious types of battery packs that are stored in EEPROM 
61 (S119). 

[0112] The processor then determines whether 
switch 46 has been actuated to initiate a refreshing op- 
eration (S120). If switch 46 has not been actuated 
(S120: NO), charging processes are performed using 
the subroutine that was described above with reference 
to Fig. 17 (S202). On the other hand, if switch 46 has 
been actuated (S120: YES), charging processes are 
first performed using the subroutine of Fig. 17 (S200) 
and then operations are suspended upon completion of 
charging operations until the batteries 58 have cooled 
down. 

[01 13] Thereafter, discharge (refreshing) is started for 
the first time. In this case, relay 48 is actuated to connect 
batteries 58 to discharge load 42 (S126) and discharge 
load 42 is switched ON to start discharging batteries 58 
(S128). The total amount of discharged power may be 
monitored during this discharging operation in order to 
determine the charging capacity of batteries 58. In ad- 
dition, the processor may determine whetherthe voltage 
of batteries 58 is less than a voltage for terminating dis- 
charge (S130). Prior to reaching a value that is less than 
the discharge terminating voltage (130:No), the pro- 
gram returns to step 128 to continue discharging. Upon 
reaching a value that is less than the discharge termi- 
nating voltage (S130: YES), the discharge load is 
switched OFF (S132), and operations are suspended 
until the batteries have cooled down (S 134). The battery 
temperature of e.g. nickel metal hydride batteries, is 
likely to substantially increase due to the rapid dis- 
charge. Relay 48 is then actuated in order to connect 
batteries 58 to power source circuit 22 of battery charger 
310(S136). 

[0114] The processor then determines whether the 
charging and discharging operations have been repeat- 
ed twice (S138). Upon completion of the first charging 
and discharging operation (S138: NO), the program re- 
turns to step 200 to perform a charging and discharging 
operation for the second time. Upon repeating charging 
and discharging operations twice (S138: YES), the dis- 
charge capacity, which has again been monitored dur- 
ing the second discharge, is indicated by indicating por- 
tion 44. For instance, if 80% of the total battery capacity 
remains available for charging, "80%" may be indicated. 
Thereafter, charging is performed for the last time 
(S202) to accordingly complete the charging operation. 
[01 15] Because the discharge operation is performed 
twice by adapter 430, it is possible to almost completely 
eliminate memory effects. Further, it is possible to ac- 
curately indicate the battery capacity, because the dis- 
charge capacity during the second discharge operation 
is measured. 

[0116] Battery charger 310 may include second pow- 
er source circuit 22B in order to provide a regulated pow- 
er supply to control portion 26 and to control portion 1 41 
of adapter 430 through output terminals t3, t4. As dis- 



cussed above, switching noises in the regulated power 
supply are avoided, because the regulated power sup- 
ply is separate from the battery charging circuit. As a 
result, the battery temperature can be more accurately 
5 determined and precise adjustment of the charging op- 
eration is possible. Further, it is not necessary to provide 
a separate power source circuit within adapter 430 in 
order to provide a regulated power supply to control por- 
tion 141 , thereby reducing the cost of adapter 430. 
[0117] Moreover, battery charger 310 includes two 
separate ground lines for second power source circuit 
22B and first power source circuit 22A, respectively. 
Therefore, the ground voltage level of terminal T4 of bat- 
tery pack 50 will not fluctuate and it is possible to more 
accurately measure the battery temperature based up- 
on the voltage of resistance R2. 
[0118] The second representative embodiment has 
been explained with reference to operations in which 
adapter 330 and adapter 430 were mounted to the bat- 
tery charger. However, the battery charger according to 
the second representative embodiment is also capable 
of performing appropriate charging operations using 
various external apparatus that do not have remote con- 
trol functions. 



Claims 

1 . An adapter capable of coupling a rechargeable bat- 
30 tery pack for a power tool to a battery charger com- 
prising: 



a first-terminal adapted to receive data from the 
rechargeable battery pack, 

35 a second terminal adapted to communicate in- 

structions to the battery charger, 
a third terminal adapted to communicate a 
charging current from the battery charger to the 
rechargeable battery pack, 

40 a processor and 

a memory storing a charging program for the 
rechargeable battery pack, wherein the proces- 
sor generates charging current instructions that 
are communicated to the battery charger in or- 

45 der to control the supply of charging current to 

the rechargeable battery pack. 

2. An adapter as in claim 1 , wherein the processor is 
programmed to read information stored in a mem- 

50 ory in the rechargeable battery pack and the proc- 
essor utilizes the information to generate optimal 
charging current instructions. 

3. An adapter as in claims 1 or 2, wherein the proces- 
55 sor is programmed to monitor one or more battery 

conditions during execution of the charging pro- 
gram in order to generate optimal charging instruc- 
tions based upon changes in the battery conditions. 



15 



20 



14 



27 



EP1 128 517 A2 



28 



4. An adapter as in claim 3, wherein the battery con- 
ditions comprise a battery temperature increase 
rate during the charging operation. 

5. An adapter as in any of claims 1-4, wherein the 
processor generates duty cycle instructions that are 
communicated directly to a charging current supply 
of the battery charger. 

6. An adapter as in any of claims 1-5, wherein the 
processor is coupled to a first ground that is sepa- 
rate from a second ground coupled to a charging 
current circuit of the battery charger. 

7. An adapter as in any of claims 1-6, wherein the 
processor is adapted to receive information from 
the battery charger concerning a charging current 
circuit of the battery charger and the processor gen- 
erates charging instructions based upon the re- 
ceived information to optimally control the supply of 
charging current to the rechargeable battery pack. 

8. An adapter as in any of claims 1-7, wherein the 
memory stores a charging program that is common- 
ly utilized for a plurality of rechargeable battery 
packs that do not include a memory storing battery 
identification information or battery charging pa- 
rameters. 

9. An adapter as in any of claims 1-8, wherein the 
memory further stores a program adapted to elimi- 
nate memory effects in the rechargeable battery 
pack. 

10. A battery charging apparatus comprising: 

the adapter of any of claims 1 -9 and 
a battery charger comprising a power supply 
adapted to generate a charging voltage to sup- 
ply to rechargeable batteries, a switch coupled 
to the power supply and a communication port 
coupled to the switch, wherein the communica- 
tion port is adapted to transmit charging current 
control instructions generated by the adapter 
processor to the switch in order to directly con- 
trol the charging current supplied to the re- 
chargeable batteries and the adapter is remov- 
ably detachable from the battery charger. 

1 1 . A battery charging apparatus as in claim 1 0, where- 
in the battery charger does not include a processor. 

12. A battery charger for a power tool comprising a pow- 
er supply adapted to generate a charging voltage 
and a switch coupled to the power supply in order 
to generate a charging current to supply to a re- 
chargeable battery characterized by further com- 
prising: 



a communication port adapted to receive 
charging instructions to control the supply of charg- 
ing current to the rechargeable battery, the instruc- 
tions being generated by a processor that is exter- 
5 nal to the battery charger, wherein the communica- 
tion port is directly coupled to the switch. 

13. A battery charger as in claim 12, wherein the com- 
munication port is further adapted to communicate 
information concerning the power supply to the ex- 
ternal processor, wherein the external processor 
generates charging instructions based upon the 
power supply information and communicates the 
charging instructions to the switch to optimally con- 
trol the supply of charging current to the recharge- 
able battery. 

14. A battery charger comprising: 

a first regulated power supply adapted to gen- 
erate a regulated voltage to be utilized by a 
processor and a battery temperature sensor, 
a second regulated power supply utilized to 
generate the charging current, 
a first ground line coupled to the second regu- 
lated power supply and 
a second ground line coupled to the processor 
and the battery temperature sensor. 

15. A battery charger as in claim 1 4, further comprising 
a communication port adapted to receive charging 
instructions to control the supply of charging current 
to the rechargeable batteries generated by a proc- 
essor that is external to the battery charger. 

16. A battery charger as in-claim 15, wherein the com- 
munication port is further adapted to communicate 
information concerning the power supply to the ex- 
ternal processor, wherein the external processor 
generates charging instructions based upon the 
power supply information and communicates the 
charging Instructions to the battery charger to opti- 
mally control the supply of charging current to the 
rechargeable batteries. 

17. A battery charger as in any of claims 12-16, further 
comprising a memory that stores a program adapt- 
ed to eliminate memory effects in the rechargeable 
batteries. 

18. A method of controlling an apparatus comprising at 
least one method step corresponding to any feature 
of any one of claims 1 to 1 7. 
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